Abstract-Jabil is well known as a model of workcell production. In the past few years, Jabil (Guangzhou) starts to apply the workcell production principles in managing a supply chain, resulting in better control on the demand and supply uncertainty among multiple supply chain partners. Here a new supply chain management mode---Workcell-based Supply Chain Management (WSCM) is proposed. The WSCM is customer-centered, coordinates the relationships of supply chain participants in a V-shape topology, and is able to effectively control and reduce the occurrence and transfer of demand uncertainty in supply chain management.
typically resulting in a better understanding demand uncertainty of end users. Besides, safety inventory (Lee & Billington, 1993; Wang & Ma, 1999) , Vendor Managed Inventory (Disney & Towill, 2003) , outsourcing (Grossman & Helpman, 2005 ) also help to reduce the bullwhip effect.
The abovementioned studies typically concentrate on link-shape or network-shape supply chains. These supply chains have some commonalities in many aspects; for example, the supply chain participants are typically driven by their own benefits; customer demand forecasting relies on the orders from downstream fum; As such, supply chain participants, especially the upstream participants, are difficult to response to the demand change timely and appropriately; information barriers exist in the supply chain; and it is difficult to make right decisions when information is not sufficient or inaccurate.
Having the interview and the field study of some companies, which use workcell as their mainly major operation methods including Jabil Circuit (Guangzhou) Ltd, Canon (Zhuhai) and Tristate (Hongkong), we found that the concept of workcell not only were applied to the layout design of workplace, but also started to be applied to operation management and organization structure design. If we expand this concept and operation pattern from one fum to the supply chain, the demand uncertainty in a supply chain can be better controlled. What's more, the supply uncertainty is better controlled since the production and delivery is possible to be better coordinated among multiple suppliers in a supply chain. Founded on the core value of workcell productioncustomer centered, we propose a new supply chain management model -Workcell-based Supply Chain Management (WSCM), which is a new approach to deal with the demand and supply uncertainty in a supply chain.
Here, we elaborate the new approach with a real case. This study introduces workcell production firstly, and a new pattern of supply chain management (WSCM) is proposed subsequently. After that, a case study of Jabil Circuit (Guangzhou) is conducted and the managerial insights are also presented.
II. NEW PATTERN OF SUPPLY CHAIN MANAGEMENT: WORKCELL-BASED SUPPLY CHAIN MANAGEMENT
In the 90s, many fums shift their competitive strategy from low-cost leadership to differentiation. Concurrently, small batch and multi-type production replaces the mass production. This change requires production to be flexible and response to the demand change quickly. The workcell production becomes more important on this background (yu, 2002; Yu & Zhao, 2006) . In workcell production, also labeled as "cell production", workers are organized as a team, and are responsible for a particular part of the production process. Parts with similarities in geometric shape, design and process are grouped into parts families, which are processed by different teams.
Workcell production is a breakthrough of the traditional pipeline production. The productivity can be greatly improved due to teamwork (workers share skills and expertise) and increasing motivation (team spirit and added responsibility given to the team). The quality of products and the service level can be improved at the same time. The core concept of the workcell production is customer centered.
A. Fundamentals
On the basis of "customer centered" concept and the topology structure of the workcell production, we proposed a new supply chain management model--Workcell-based Supply Chain Management (WSCM).
The topology structure of WSCM is illustrated with Fig. 1 . WSCM includes four main kinds of roles which are suppliers, manufacturers, distributors and customers. Supplier 2 is the supplier of supplier 1, and distributor 2 is the customer of distributor 1. Both supplier 1 and 2 supports the production by providing parts and raw materials, so they are all called supplier. Similarly, both distributor 1 and 2 are called distributor due to their channel function. What need notes is that it's the customer push the supply chain moving (both physics and information), and customer in this model can be anyone in the supply chain, saying, fmal customer, distributor, manufacturer or supplier. The size of the supply chain depends on the ability of customer in controlling over the whole supply chain, it can ranges from the whole chain (from raw material supplier to fmal customer) to just a stage in the whole supply chain. Compared with the traditional supply chain management, WSCM has four features: customer centered, V-topology structure, dynamic strategic partnership and information sharing.
J) Customer Centered
In the WSCM, fIrm makes operation plan based on customer demand and preference. They not only keep in touch with the upstream and downstream fIrms, but also have real-time interaction with customers. This enables the fIrm to get fIrst hand information about the market demand and customer preference, without the potential of distortion when information moves from stage to stage in the supply chain. If only the fIrm closest to the customers gets access to the real information of demand, and others would only get information through it, distortion may take place and the operation decision will be mistaken based on the wrong demand information. The wrong information will spread from stage to stage, and fmally the profIt of the whole supply chain will be reduced.
However, the idea of customer oriented in WSCM can ensure customer demand gets satisfIed and every member in the supply chain can benefIt from that. Besides, the demand change can be passed quickly to every member of supply chain, so they can make quick response to these changes. Customers are the source of profIt, to stress the value of customers is to stress the value of the supply chain. Customer centered will be the trend of business.
2) V-shape Structure The V-shape topological structure of WSCM is different from the tradition supply chain, which is usually a chain or network. This structure is reflected in two aspects. First, it's the flow of goods or service, from suppliers, manufacturers, distributors, and fmally to customers, forming an open-loop V-shape. Second, it's the customer-centered information exchange. All fIrms in the Workcell-based Supply Chain (WSC) communicate with the information center, and make operation decision according to this real-time information. These information flow forms a V-shape structure. This structure will facilitate the communication between customer and fIrm, also the communication within the supply chain. In the traditional supply chain model, fIrm cares only about its upstream and downstream fIrms. This back-to-back relationship ignores the communication to other stakeholders in the supply chain. In the V-topology structure supply chain, all members of the supply chain are customer-centered.
The V-topology structure makes sure the concept of customer centered can be applied in practice.
3) Dynamic Supply Chain The traditional supply chain often requires stable partners, fIxed duties and sustained partnership. However, the dynamic supply chain is a temporary combination of suppliers, manufacturers and distributors to fulfIll a specifIc consumer need. After the demand of consumer is met or changed, this combination will be dissolved or waiting for next cooperation or searching for other fIrms to form a new alliance. WSCM's dynamic supply chain can gather the strength of different fIrms to form a customer oriented alliance with strong competItive advantage, which derives from the complementarily and integration of different members' strength.
Specifically, WSCM's dynamic model can be seen in two aspects. One is reflected on the choosing of partners. Generally, WSC members belong to different departments of the industry, e.g., the raw mistrials supply, part supply, manufacturing, wholesale, retail, etc. Any member who fail to low cost, cooperate with others, improve service and quality or to meet the customer need will be replaced by a better one. Secondly, it's reflected on the collaboration and coordination of supply chain partners. Changes in customer demand, changes in business strategy or uneven development pace among members may result to the reconstruction of the supply chain. This is same with the workcell production which organizes the workers flexibly to gather the strength of different workers and improve the competitiveness of the organization.
4) Information Sharing
To control the uncertainty of supply chain and enhance responsiveness and efficiency, information sharing is needed. Research in the past focus on the sharing of sales data, inventory level, forecast, to decrease bullwhip effect, and the information flow is based on the traditional linear topological structure (Lee H.L., and Whang S., 2000). But the processing delay in different stages of supply chain will reduce the value of information. Beside more information about both demand and supply should be shared for better cooperation. However, the structure of information flow has not been addressed in this context.
Departing from the traditional information sharing, data transfer on the U-shape topological structure of the WSC. The centrum of the U-shape plays the role of information hub, and is responsible for the information aggregation and distribution. Different members of WSC can send real-time information to the hub simultaneously and get feedback after information processing. For example, the demand information of customers and the supply ability of different suppliers are sent to the centrum, and these information are aggregated and used to make a aggregate plan to match the demand and supply best. By applying the information hub, the delay of information processing can be decreased, and the distortion of information can be reduced as much as possible which help WSC member get accurate and real time information of the market. Besides, more information is shared on WSCM compared to the traditional information. Except for the sales and order data, the information on the supply side is also shared to reduce supply uncertainty. Stock level and supply ability of different suppliers, production schedules of manufacturer, inventory data and sales record of distributors, can be available to support decision making. The profits of the whole supply chain can be increased due to these extensive information sharing.
III. CASE ANALYSIS OF JABIL CIRCUIT (GUANGZHOU)
The section demonstrates the operations and supply chain management in Jabil Circuit (Guangzhou). The workcell production in Jabil has the main features of WSCM somehow.
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A. Workeell Production Founded in 1966, Jabil Circuit now is the third biggest electronics manufacturing services company (EMS) and the top 500 company at the same time. Its growth rate and profitability have been in the leading place for many years. The CEO of Jabil Circuit, Tim Main, attributes its success to the workcell production, which is introduced in 80s as a customer centered business pattern.
Jabil's workcell production pattern is a matrix organization structure. A workcell consists of a customer, a project manager, engineers, specialists and workers from different functional department. These workcells are called Business Unit (BU) in Jabil. Each workcell is a profit center, and the project manager is responsible for their own profits and losses in the workcell. There are 15 workcells in Jabil Circuit (Guangzhou), providing services for HP, NOKIA, GE, etc. Customer centered is the major feature of work cell production. Each client has a team which has a specialized production line, workers and specialists to service for it. Besides, this pattern can meet customization.
B.

Supply Chain Management Practices
Cell-based production enables Jabil Circuit grows to be WSCM. The supply chain of Jabil consists of raw material suppliers, PCB & part supplier, Jabil (manufacturer), OEM (customer), wholesalers and retailers. There are two variants of supply chain in Jabil. Scenario one is as Fig 2. a shows. Jabil's Business Unit (BU) plays the role of customer in the WSC and receives orders from OEM. The BU is the information center in the WSC, and guides the operation of the whole supply chain. In the other scenario, OEM leads the whole supply chain; workcell production is limited in the Jabil itself. Now, some businesses begin to adopt the former approach in Jabil Circuit (Guangzhou), while most of the business in Jabil adopts the later. Besides, there are some important practices in Jabil Circuit (Guangzhou) when managing the supply chain.
1) Identification of information source. OEM is responsible for collecting the market information, and making a sales forecast and production plan according to the information, and shares these information and operation plan with other members in the supply chain. All the members should make their information open so that the bias between plan and real world can be decreased. Because all the information spreading in the supply chain comes directly from OEM, the distortion can be reduced, so the bullwhip effect is greatly weakened.
2) Frequent multi-party information sharing. The suppliers, manufacturers and distributors will have meeting or conference call from time to time to discuss the problems come up in supply chain management. Besides the Quarterly Business Review (QBP) is the regular meeting held in Jabil where senior managers from different fIrms to communicate and exchange ideas.
3) Concurrent ordering. Purchase orders are sent directly from OEM or Jabil BU to all the members in the supply chain. They don't need to worry about the Purchase Price Variance (PPV). The order processing time is greatly shorted for the parallel processing.
4) Well-qualified partners. All the raw materials and part suppliers must be on the list of Approved Vendor List (AVL). This list must be approved by OEM, only the suppliers on list can provides raw materials or parts. Jabil is very strict in choosing vendors. Any mistakes made by the vendors which fail to respond effectively or meet the demand would result in losing out.
IV . ANALYSIS OF DEMAND UNCERTAINTY IN THE NEW MODEL
In this section, we will discuss how uncertainty take place and how it transfer in the supply chain, and compare the traditional supply chain management and WSCM from the aspect of supply chain performance.
A. How the uncertainty takes place and transfers
Under the WSCM pattern, the members in the supply chain 217 not only have close contact with upstream and downstream fIrm, but also have two-way interaction with the customers. Each fIrm gets the demand information directly from the customers instead of downstream fIrm, which stops the bullwhip effect in the WSCM. Besides, for the fIrm get the fIrst hand information of market, when the demand of customer changes, the two-way communication can enable the fIrm to make a quick response to the changes. Risk of demand uncertainty is controlled and reduced to a large extent. Generally, the demand variation comes out for four reasons: sale characteristics uncertainty, product features uncertainty, demand forecast uncertainty, and demand change uncertainty. Comparing the WSCM and traditional supply chain management in these four aspects, we can see the differences (Table 1) .
B. Comparative Analysis on supply chain performance
As a new supply chain management pattern, WSCM is quite different from the traditional supply chain management. Ten key performance indexes are presented to show the differences ( Table 2) .
The design of the WSC takes customer demand into account. Team work and information sharing are integrants in the WSCM. However, there are different demand nodes (the downstream fIrms) in the traditional supply chain which lead to high communication cost, the sense of cooperation is relatively weak and can't respond the market variation timely. From Table 2 , we see, customer centered, information sharing, quick response, adapting to market are the key WSCM control and handle demand uncertainty. 
V. CONCLUSION
Based on workcell production and its application in enterprise, we propose a new way to control the demand uncertainty in the supply chain-Workcell-based Supply Chain Management. The concept of customer centered makes every member in the supply chain can get the real-time information of customer demand so that they can make quick response of market change and meet the customer need.
However, the formation and management of WSC require the core firm have the ability to forecast the market change, analyze information, distribute benefits and risks among the supply chain, etc, which will be a big challenge. The further research should focus on the formation and management of WSC, benefits distribution, information technology support, etc.
